We show that the mean square amplitu.de of the fluctuations of the condensate chemical potential, ~s' due to charge-imbalance fluctuations in the limit l;fk 8 T«l is< (o~5 ) 2 > = 2(k 8 T) 2 /n6~N(O) in a volume~ of superconductor. We relate these fluctuations via Nyquist•s theorem to measured values of the contribution of self-injected charge-imbalance to the de resistance of SIN tunnel junctions to show that the dynamic charge-imbalance relaxation rate is 1/'E' the electron-phonon scattering rate.
2.
A charge imbalance Q* exists in a superconductor when the densities of electron-like and hole-like excitations are not equal l- 6 . To maintain charge neutrality when a charge imbalance exists, the chemical potential of the condensate, ~s' must shift from its equilibrium value,~~' by an amount 5
where with equilibrium thermodynamics. We show that these fluctuations are related via Nyquist's theorem 7 to a contribution to the de resistance of superconductor-normal metal (SIN) and supercondilictor-supercond~ctor (SIS) tunnel junctions and to the boundary resistance of superconductor-normal metal (SN) interfaces 8 , which arises from the charge imbalance generated in the superconductor by the measuring current. We derive an expression for this extra resistance, which we call RQ*' appropriate to tunnel junctions. We present measurements of RQ* which agree with our theory, and use them to determine the bandwidth for charge-imbalance fluctuations.
First we calculate< (o~s) Consider a volume n of superconductor, either an isolated grain or part of a larger system, which has all of its extensive parameters except entropy fixed, and is in contact with a thermal reservoir at temperature T 0 .
Then equilibrium thermodynamics requires 9 : (2) where F 0 =H-T 0 S is the appropriate free energy, H and S are the energy and entropy of the electrons in n, and the derivative is evaluated in equilibrium. 
k By using the usual expression for the entropy of a system of fermions 9 ,
along with Eq. (6), we find
To make further progress, we must make some approximation regarding the form of fk. We assume that (9) and 
and ( 12) 5.
Note that our lln and o)ln are identical to those of Pethick and Smith 4
Equations (11) and (12) are determined from Eqs. (9) and (10) decay in a time TE.
k Equation (13) indicates that when )1 =ll 0 6 = 6 ° and T=T° F 0 is stationary s s ' ' ' with respect to changes in fk' as is required for equilibrium. From Eq. (13) we find ( 14) ( 15) and ( 16) Equation (14) indicates that fluctuations in ll are uncorrelated with those in 6 s and T. Equation (15) is consistent with the spatically uniform Ginzburg-Landau 11 equations, thus demonstrating the basic physical correctness of the hydrodynamic approximation for fk. Substituting Eq. (16) into Eq. (2) yields the desired result: ( 17) 6.
In the rest of the paper the superscript which distinguishes equilibrium values from instantaneous values is dropped. 
By using Eq. (1), we find
The notation here is the same as that used in Refs. 12, 13, and 14. The quantities F* and 'Q* depend on T, V, and whether the junctions are SIS or SIN. Note that RQ* is in series with, and independent of, the familiar tunnel oxide resistance, which we call R 0 x for clarity. 6 , and this is the first supporting experimental evidence. 
